Most reported studies of gastric emptying in humans have been concerned primarily with the regulation of pyloric passage of a single-phase meal. However, Wiggins and Dawson (1961) sampled intestinal contents in man after ingestion of a mixed meal, and found that the proportions of fat and water recovered were different from those of the meal. Harkins, Longenecker, and Sarett (1964) observed in rats that the fat and water phases do not leave the stomach in parallel, fat being retained longer. The present study was conducted in an attempt to elucidate some of the mechanisms involved in this phenomenon and to investigate the effect of fat on the gastric emptying rate of the water phase of a mixed meal.
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CLINICAL METHODS
Ten healthy, asymptomatic human volunteers between the ages of 18 and 26 years were studied; three were females and seven were males. They fasted overnight and the experiments were carried out in the morning between 8.45 and 10 the next day. Seven experiments were performed on separate days in each case, five with different test meals and two in different body positions. Three of the test meals (I, II, and III) contained only the water phase but were of different volumes. Two were mixed meals (IV and V) and contained different volumes of fat. Test meal IV was given three times: with the subject sitting, and in the right and left lateral recumbent position.
The five meals administered to each subject were as follows: I, 250 ml water phase only; II, 300 ml water phase only; III, 350 ml water phase only; IV, 250 ml water phase mixed with 50 ml olive oil; and V, 250 ml water phase mixed with 100 ml olive oil. The water 'This investigation was supported in part by a grant from Mead phase was as described by Hunt (1954) , using 50 ml of phenol red stock solution as the unabsorbable marker in 950 ml of glucose 10% in distilled water. When this was the only phase the experimental design was as described by him except that the volume varied. The subjects were intubated and the meal was administered through a Levine tube. Unless otherwise stated, the gastric contents were withdrawn 30 minutes later and the stomach was washed out twice to recover the total residue. It was found that the water phase was recovered easily, but that the fat remained in the stomach. This was difficult to evacuate when washed with water, and fat solvents could not be used in vivo. The addition of 2 ml of Decholin to the 250 ml of water used for washing out the stomach was found to result in complete evacuation and, therefore, this method was used in the studies in which fat was administered.
BIOCHEMICAL METHODS
WATER PHASE ONLY The gastric emptying rate, ie, the volume passing the pylorus (VPP) in half an hour, was determined according to the original method of Hunt (1954) 
Loss of Oil (ml) group.bmj.com on October 22, 2017 -Published by http://gut.bmj.com/ Downloaded from 90, and 86 % (mean, 8410 ± SE 1.9 %). The mean loss of fat in the stomach during these 10 experiments with immediate recovery was 7.4 ± 0.5 ml, therefore, any lesser loss cannot be due to pyloric emptying of fat.
In two subjects, test meal IV (250 ml water phase and 50 ml olive oil) was administered on five different occasions in the sitting position. Gastric contents were withdrawn 30 minutes later. As shown in Table I (Table II) , with the subjects sitting. The apparently significantly greater amounts of water passing the pylorus with the meal containing 250 ml water phase and 100 ml oil (total volume 350 ml) than with the meal containing 250 ml water phase and 50 ml oil (total volume 300 ml) are in fact nullified by the greater volume of the former; comparison of results obtained with meal V (250 ml water phase and 100 ml olive oil) with those obtained with a meal of equal volume but without fat (meal III, 350 Cannon (1904) found radiological evidence of a different rate of gastric emptying for carbohydrate (fastest), fat (slowest), and protein. Carnot and Chassevant (1905) and Hunt (1956 Hunt ( , 1961 have shown that the osmolarity and pH of a watery solution affect the gastric emptying rate, and the latter author suggested that these factors are regulated by receptors in the duodenum and upper small intestine. Hunt, Knox, and Oginski (1965) have shown that body position may influence emptying, on the basis of mechanical hindrance. Mixing of the gastric contents is effected by movement of the gastric wall (Code, Hightower, and Morlock, 1952; Cummins, 1963; Fenton and Cowgill, 1955) , and some have assumed that '. . . triglyceride is emulsified in the stomach . . .. a physiological emulsification process similar to that commonly used in industrial emulsification practices' (Hofmann, 1966 (Fig. IA) . When the subjects lay in the right lateral position, the volume of water phase passing the pylorus was significantly higher than when they sat or assumed the left lateral recumbent position. On the other hand, the volume of fat passing the pylorus was significantly higher when the subjects lay in the left lateral than in the right lateral or sitting position.
It is assumed that fat and water separate in the stomach and that fat floats on the water phase because of its lesser specific gravity. In the right lateral recumbent position, fat floats near the fundus and water is near the pyloric region, so that the latter passes through the pylorus first. Conversely, in the left lateral, recumbent position, fat floats towards the pyloric region, water stays in the fundus, and fat passes through the pylorus first, in large amounts. It is likely that the presence of fat in the duodenum inhibits gastric emptying of th, water phase.
SUMMARY
The passage through the pylorus of fat and watersoluble components of mixed meals was studied during 70 experiments in 10 normal subjects.
Pyloric passage of the fat component was determined by the recovery of fat from the stomach. The passage of water-soluble substances was measured by Hunt's technique (1954) .
With the subjects sitting, pyloric passage of the water phase in 30 minutes was unchanged by the addition of fat to the water phase of the meal: the water phase passed freely through the pylorus, but the stomach retained the entire fat phase for 30 minutes. When the subjects lay in the left lateral position, the pyloric passage of fat was significantly increased and that of water was reduced. In the right lateral recumbent position, fat did not pass the pylorus but greater amounts of water phase passed, compared with results obtained in the sitting position.
It appears that water and fat separate in the stomach and that, because of their different specific gravity, body position has an important effect on their differential passage through the pylorus.
